Burnout is an experience relevant not only to psychosoclal professions, but also to technical work-It is predicted that in a technical profession work stressors are related to burnout and that this relationship is moderated by control at work, task requirements. and the quality of team interaction-In a sample of 180 software professionals trom 29 software development projects, stressors were found to be positively related to burnout measures. Contnil at work, complexity at work, and openness to criticism within the team were all found to be significantly negatively related to lack of identification. Moderated regression analyses revealed that high cognitive requirements, high learning requirements, and low competition within the team enhanced the relationship between stressors and burnout.
There is little existing research pertaining to long-term effects of working conditions in technical professions such as software development or other fields of research and development (Curtis, Krasner & Iscoe, 1988; Goldstein & Rockert, 1984; Keenan & Newton, 1987) . Long-term effects can exist both in performance and strain areas. One issue Unking these two areas is the burnout phenomenon. It is important to examine whether or not burnout occurs in technical professions, and if so, under what conditions, because the consequences of burnout may have an impact on the long-range adjustment of people within a company and on the teams in which they work.
The concept of burnout
The term burnout is usually applied to strain symptoms in psychosocial professions. Across various definitions, burnout is described as an individual's negative emotional experience leading to a chronic process (Maslach, 1982^; Shirom, 1989 )-It is experienced as exhaustion on a physical, emotional and cognitive level (Pines, Aronson & Kafry, 1981; Shirom, 1989) . Most definitions include withdrawal and decreasing involvement in the job, especially by persons who have been highly involved in their work.
If one uses a broad concept of burnout including physical fatigue and cognitive weariness (Shirom, 1989) , it becomes evident that burnout symptoms also occur in technical professions. There are studies showing burnout to exist outside the field of psychosocial Burnout is an txpenence relevant not only to psychosocial professions. but also to technical work. It is PrNlCCed that in a technical profession work Stressors are rdarN to burnout and rhat this rdationship is moderated by conrrol at work. task requirements •
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Work characteristics in software development projects
The possibility that burnout also occurs In software development is suggested by srudies such as that of Kumashiro, Kamada & Miyake (1989) , which showed the stress scores of software engineers to be higher than those of other professionals. Factors in the work situation contributing to the overall high stress scores were pace of work and overtime. Fujigaki (1990) reported that especially during requirement analysis and debugging, i.e. under conditions of time pressure, strain level rose. In another study (Ivancevich, Napier & Wetherbe, 1983 , problems in communication, time pressure and overload were identified as typical stressors among software professionals. In addition, work in software development is characterized by high intellectual demands (Glass, Vessey & Conger, 1992) . It is very involving and requires permanent acquisition of knowledge and learning (Brodbeck, Sonnentag, Heinbokel, Stolte & Frese, 1993; Walz, Elam & Curtis, 1993) . Rubin & Hernandes (1988) reported high intrinsic work motivation in software professionals, which may make them prone to the development of burnout if they work in a stressful environment (Pines & Aronson, 1988) .
Stressors, other work characteristics and burnout When analysing work situations three different work characteristics can be distinguished: regulation problems (i.e. stressors), control at work and work requirements (Frese & 2^pf, 1994) . When work tasks are performed in teams-as is the case in software development -social interaction in the work-group is also an important feature of the work situation. It is expected that these various work characteristics are related to the experience of burnout.
We assume that burnout among software professionals is associated with the experience of stressors in their work situation. This relationship has been found to be true for various other professional groups, such as workers in human services (Shinn, Rosario, Morcli & Chestnut, 1984) , teachers (Russell, Altmaier & Velzen, 1987) , or library media specialists (Fimian, Benedict & Johnson, 1989) . Weiss (1983) studied a sample of information system managers and reported relationships between job stress and psychological strain measures that were similar to those found in other professions. Thus, it can be hypothesized that work stress in software development projects is positively correlated with burnout.
Until now, the relationship of control at work and high work requirements to burnout has not been studied very extensively. However, existing studies have shown that control at work, job challenge, and tasks with a high motivation potential are negatively correlated with burnout (Friesen & Sarros, 1989; Gaines & Jermier, 1983; Landsbergis, 1988) . Therefore, we hypothesize also that in software professionals control at work and high work requirements are negatively related to burnout.
The quality of team work is influenced by social interaction in the group. To the best of our knowledge, such interactions have not yet been studied in relation to burnout. The nearest empirical work deals with social support, showing negative relationships between supervisor and co-worker support and burnout (Etzion, 1984; Himle, Jayaratne & Thyness, 1989; Russell etal.. 1987) . Gaines & Jermier (1983) reported employees' emotional exhaustion in high stress organizations to be negatively correlated with work-group cohesiveness. Additionally, informal contacts with colleagues showed a negative relationship with emotional exhaustion and lack of personal accomplishment (Leiter, 1988) , It can be assumed that in teams with a favourable social interaction, social support can be more easily provided. This leads to the hypothesis that a high quality social interaction within a team will be negatively related to team members' burnout.
Moderator effects on the stressor-burnout relationship It can be assumed that the relationship between the previously discussed work characteristics and burnout is not exclusively direct. It is expected that control at work, work requirements, and quality of team interaction also have moderating effects on the stressor-burnout relationship.
The relationship between stressors and burnout in software professionals might be influenced by control at work because control enhances the opportunity of coping with a stressful situation (Frese, 1989) and also provides the possibility of leaving stressful situations. In studies of both blue-collar workers and psychosocial professionals, moderating effects of control on the relationship between stressors and psychosomatic complainrs were found (Frese & Semmer, 1991; Maslach. 1982^) . Therefore, it is expected that control at work will reduce the relationship between work stress and burnout for software professionals as well. On the other hand, high requirements such as complexity at work do not offer chances to cope with stressors but put additional demands upon the individual {Frese, 1987) . Therefore, we hypothesize that high requirements will increase the relationship between stressors and burnout.
Finally, we assume that high quality social interaction within a team mitigates the negative effects of stressors on burnout, in a way similar to the effect of social support (Etzion, 1984; Frese & Semmer, 1991; House, 1981; LaRocco, House & French, 1980; Pines etal., 1981) .
Summary of hypotheses
The hypotheses can be summarized as follows: 1. Work stress is positively correlated with burnout. 2. Control ar work, high requirements and a high quality of social interaction are negatively correlated with burnout. 3. Control at work reduces the relationship between stressors and burnout. 4. High requirements increase the relationship between stressors and burnout. 5. High quality social interaction within a team reduces the relationship between stressors and burnout.
Method Sample
The sriidy was carried out at 29 software development projects from 19 German and Swiss companies. The projects studied produced software covering a broad application domain, including the administration of small and lar^e companies, telephone atid communication pur|x>ses. banks, insurance companies, traffic institutions, and process control software. Thirty-four per cent of the projects were studied during the early phasc-s of software development (i.e. requirement analysis and software design), 28 per cent during, coding and testing (includmg integration testing), and 38 per cent during delivery and maintenance. The mean project size was 10 members (SD = 4.8); an average of 74 per cent of the members in a given project participated in the study (SD = 26.3).
The total satnple size was 200 persons. With 186 subjects a three-hour structured interview was held. One hundred and eighty persons filled in a questionnaire. Because the questionnaires were filled in and returned aher the interviews the return rate led to missing data. Full data were available for 166 persons. Of the subjects. 62.1 per cent were systems analysts and programmers, 14.H per cent team leaders, 10.8 per cent subteam leaders, 9.9 per cent user representatives, and 2.5 per cent had other, mostly administrative casks in the project. The subjects had spent an average of 5.7 years in software development projects. Most of thtm were male (75 per cent). The average age was 33 years.
Measures
Ail scales were in German. Means, standard deviations, reliabilities and intercorrelations for the scales ar.ŝ hown in Table 1 .
Burnout. There was no existing burnout scale which was well adapted for use with software developers Therefore, a new l6-item measure was created, based on the Masiach Burnout Inventory (MBI; Maslach & Jackson, 1986) . In order to investigate the structure of this questionnaire a principal component analysis was performed. Since factor solutions break down easily in replications, the total sample was randomly divided into two subsamples. For each subsample a separate principal component analysis was computed. At first the result was a stable three-factor solution for both subsamples'. The first factor was interpreted Mack of identification', and is similar to low 'personal accomplishment' as described by Maslach & Jackson (1984) . The second fector included aspects of pressure and exhaustion, and the third factor, pressure and loss of a sense of quality.
For reliability reasons the second and third factors were combined. Again, a prmcipal component analysis was performed, now forcing a two-factor solution on the data. The result was a stable two-factor solution in both subsamples (see Table 2 ). The first factor explained 28.6 per cent of the variance in the first subsample (31A per cent in the second subsample), and che second factor explained 15.1 per cent (15.6 per cent) of the variance. The new second fector was called 'perceived pressure'. Cronbachs alphas were .86 for the first and .62 for the second factor.
The intercorrelation between the two burnout factors is rather low (.10). Other studies have reported similar intercorrelations between lack of personal accomplishment and emotional exhaustion (Leiter. 1988; Maslach & Jackson. 1981) . Since lack of identification corresponds to low personal accomplishment, and per-' ceived pressure to emotional exhaustion, it is obvious that our findings are in accordance with the already existing research on burnout.
Stresiors. Sttessors in the work situation were ascertained with a 20-item questionnaire (Frese, 1988) . The scale covers various sources of stressors: stressors in the work itself such as quantitative overload (e.g. 'I have too 'For the firet subsample, the first analysis generated a four-fector solution, explaining togethrr 56.9 per cent of the vatilujce. However, the fourth factor consisted only of one item CSomeonc who doesn't put his heart into a job like mine should switch to another profession'). Since this item cefiects more an attitude than a hiirnout symptom, the item was excluded Irom further analysis. With the 15 remaining items a PCA was performed for the second subsample, lorcini-a three-factors solution on the data. The factor solution is consistent w.rh that found in the first subsample. with all items showing factor loadings h.jflher than .50. The three tkctors together explain 56.6 per cent of the variance. Tables for the two subsamples with fector loadings can be obtained on request from the first author. so O much work'), stressors concerning performance and responsibility (e.g. '1 take too much responsibility for otiier people'), stressors concerning lack of influence (e.y. 'I am held accountable for tilings that I cannot influence'), stressors because of lack of career prospects (e.g. 'I have no opportunities for learning, increasing qualification, or development), and stressors resulting from organizational policy (e.g 'Information comes too late or is too vague"). The validity of this stressor scale was examined by relating the stressor scores to an objective indicator of quantitative overload and time pressure. Therefore, from six to 12 months after the first investigation project, leaders and managers of 22 teams were asked if the intended schedule for intermediate products, milestones, and the final product had been kept (five-point Likert item). The project leaders' and managers' assessments of project delay was cora'lated .47 {p < .05) with the mean stressor scores in that project. In addition, the individual level correlation between the stressor scale and hours of overtime-considered a more objective measure-was .26 ip < .01). Although these correlations are not very high, they still indicate that perceived tressors correspond to objective indicators of a stressful situation. However, one would not expect higher correlations since the stressor scale also includes stressors other than quantitative overload, time pressure, and overtime.
Other work characteristics. Other work characteristics consisted of five variables: control at wotk, complexity of work and cognitive, learning and communication requirements. Control at work and complexity of work were ascertained by two questionnaire scales developed by Semmer (1984) and adapted to clerical work by Zapf (1991) . Control at work consists of six items (e.g. 'Can you decide how you do your worki*'). Complexity of work is a scale with four items (e.g. 'Do you get special tasks that are unusual and exceptionally difficult?'). Semmer & Dunckel (1991) reported correlations of .50 and .54 for control at work and complexity of work with observational data in a sample of factory workers.
The cognitive, learning and communication requirements were assessed in an interview. The subjects were asked to give percentages of time spent for thinking (in contrast to performing routine tasks), for the acquisition of new knowledge, and for communicating, coordinating or cooperating. These three percentages are not distinct categories, of course, since it is possible to do two or more things at the same time, for example to acquire knowledge while communicating.
Quality of team interaction.
The qtiality of social interaction in the team was measured with four scales based on items by Watson & Michaelson (1988) : democracy (six items; e.g. "We encourage reticent members'), openness to criticism (six items; e.g. 'We take criticism as a valuable contribution to our individual work'), competition (five items; e.g. 'There are open hostilities among team members') and dominance (five items; e.g. 'Several team members tend to dominate discussions'). For the analyses, aggregated team measures were used based on the mean of the individual perceptions within each team. These measures reflected the average perceptions within the teams and can therefore be seen as more 'objective' measures (Frese & Zapf. 1988) .
Since the use of aggregated scores is only justified it there is a certain amount of perceptual agreement within the teams (James, 1982) , inter-rater reliability was computed using a procedure proposed by James, L>maree &. Wolf (1984) . For democracy the inter-rater reliability ranged from .86 to .98 (median = .94), for openness to criticism from ,75 to .9S (median = .93), for competition trom .76 to .99 (median = .95), and for dominance from .57 to .95 (median = .87), This indicates a high amount of agreement within the teams, thus justifying the use of aggregated scores.
Data analysis
The data were analysed by using separate moderated regression analysis for the two criterion variables, lack of identification and perceived pressure (Stone & HoUenbeck, 1984; Zetleck, 1971) . In the first step all main effects, i.e. stressors, control at work, complexity at work, cognitive, learning and communication requirements, and quality of team interaction measures, were entered Into the equation. In the second step ali interaction effects were entered into the equation. These interaction effects were computed as the product of stressors X control at work, stressors X complexity at work, stressors X requirements, stressors X team interaction measures. A significant increment of R~ in this second step indicates the existence of moderator effects. Because the moderated regression approach is a conservative procedure (Clegg & Wall, 1990) , the significance level was fixed at .10 instead of .05 (as was, for example, done by LaRocco et al.. 1980) .
Results and discussion
The results of" the regression analyses are presented in Tables 3 and 4 . The tables show the multiple correlations, squared multiple correlations, the increment of/?^ when entering the interaction terms into the equation, corresponding F values, partial correlations between predictors and burnout scores when controlling for all other predictors in the equation, regression coefficients, and the corresponding / values. It can be seen from Table  3 that stressors, other work characteristics, and quality of team interaction accounted for 43 per cent of the variance in lack of identification, with stressors, control at work, complexity of work, and openness to criticism showing significant regression coefficients. This means that with respect to the burnout factor lack of identification, hypothesis 1 was supported by the data, and hypothesis 2 was partly supported.
When entering the interaction terms into the regression equation, an additional 7 per cent of the variance in lack of identification was explained. The significant positive interaction effect of stressors x cognitive requirements indicates that high cognitive requirements increased the relationship between stressors and lack of identification. This interaction effect is shown graphically in Fig. 1 . Software professionals reporting high cognitive requirements revealed higher burnout scores if the level of stressors was high and lower burnout scores if the level of stressors was low than was the case for those with low cognitive requirements.
At first glance this result seems to contradict the negative zero-order correlation between cognitive requirements and lack of identification. However, in general, cognitive requirements are challenging and can, therefore, be conceptualized as a positive factor. 
Lack of Identification
But, when stressors are high there may be too much challenge, resulting in high burnout scores. Thus, with respect to lack of identification, hypothesis 4 was partially supported by the data, while hypotheses 3 and 5 were not supported. Table 4 shows that 51 per cent in the variance of perceived pressure was explained by stressors, other work characteristics, and quality of team interaction measures. Stressors showed the strongest relationship to this burnout factor. One reason for this pattern may be a conceptual overlap between stressors and perceived pressure (cf. Kasl, 1978) . Another reason may be that the experience of perceived pressure is a clear outcome of stressors while lack of identification has several different 'causes. Contrary to hypothesis 2, complexity was positively related to perceived pressure. This indicates that complexity in the work situation of software professionals is not only a favourable factor. High complexity goes hand in hand with identification with one's job, but is at the same time related to the experience of pressure. Additionally, the effect of openness to criticism on perceived pressure was marginally significant. Thus, the analysis shows that with respect to perceived pressure, hypothesis 1 was supported, while hypothesis 2 was partially contradicted.
When entering the interaction terms into the regression equation an incremental R" of .07 resulted. Again, the regression coefficient of the significant interaction effect of stressors X cognitive requirements revealed a positive sign. The same pattern was found for the interaction effect of stressors x learning requirements, indicating that high cognitive and high learning requirements enhanced the already strong relationship between stressors and perceived pressure. Thus, hypothesis 4 was partially supporred by the data.
In addition, a significant interaction effect between stressors and competition was found. The negative sign of the regression coefficient indicates that for persons in teams with a low level of competition, the relationship between stressors and perceived pressure was stronger than for those working in high-competition teams. This finding is in direct opposition to hypothesis 5. One explanation for this tesult might be that in the case ot a highly stressful situation the requirements related to positive team interactions and low competition (i.e. discussions, mutual understanding) might be an additional burden hindering coping with stressors. Another interpretation oi this result can be derived from the concept of'group think' (Janis, 1972) , which says that highly cohesive groups produce strong group norms and therefore show less successful problem-solving behaviour when stress occurs^. This assumption was supported by the data: in this analysis, group cohesion was operational zed as the standard deviation of competition within each of the teams. This standard deviation was then correlated with the aggregated competition measures resulting in r -.58 {p < .01) at the team level. According to this operationalization, in low-competition teams little variability within the team was found, which can be seen as a sign of the 'group think' phenomenon, thus making it difficult to deal with stressful situations. Again, there was no empirical support k>r hypothesis 3, which predicted a mitigating effect of control at work on the relationship between stressors and burnout.
Overall discussion
This study found that in software development, work stressors are positively related to lack of identification and perceived pressure. This finding is in accordance with the results We would like to thank an anonymous reviewer for this interpretation. ofstudies in other professional fields (Etzion, 1984; Friesen & Sarros, 1989; 1987) . In addition, other variables were also found to have significant relationships with burnout, especially with lack of identification. Thus, burnout is not only associated with stressful situations but also with a lack of positive features in rhe work situation, such as control at work or openness to criticism within the team.
A further purpose of this study was to examine potential moderating effects. Cognitivi and learning requirements showed enhancing effects, while competition reduced the neg ative effects of stressors. This pattern indicates that high requirements and low competition make a stressful situation even worse. The nature ofthe moderating effect found for competition seems to contradict the results ofstudies finding desirable moderating effects of social support (e.g. Etzion, 1984; Russell etai, 1987) . However, it must be noted that in the present study quality of team interaction, not social support, was measured. Therefore, competition may be positive because one can individually deal with the problems at hand and shut out demands and discussions with others when stress is high.
Our cross-sectional design does not allow the testing of causal patterns. Moreover, the results found in questionnaire-based studies may be due to common method variance- (Campbell & Eiske, 1959; Erese, 1985; Kasl, 1986) . Although it would be optional to study the stressor-burnout relationship on the basis of observational data using a longitudinal design, certain checks can be made within the framework of our study. Cognitive, learning and communication requirements were ascertained during an interview while burnout was assessed with a questionnaire scale, The zero-order correlations between job requirements and burnout were indeed lower than were some other correlations but some relationships were still significant and significant moderator effects were also found for cognitive and learning requirements. Thus, not all of them can be dismissed as the result of common method variance. However, we tend to agree that the correlation between stressors and perceived pressure may have been enhanced by common method variance. Zapf (1989) has shown in LISREL analyses that, although the use of questionnaire scales increases correlations between stressors and psychological impairment scales, these correlations cannot be completely accounted for by common method variance.
Another weakness of questionnaire studies lies in possible individual response biases leading to an overestimation of the correlations between two variables. In order to rule out this possibility, aggregated measures of quality of team interaction were used. Again, main and moderator effects were found, indicating that not all results were due to individual response biases.
Although it is difficult to provide conclusive answers to practical issues based on data from a cross-sectional study, there are practical implications. While we do not know the causal path, there were clear relationships between stressors, low control, low openness to criticism within the team and burnout. High requirements in the job were found to be negative when combined with high stressors. If further research shows this relationship to be due to causal effects, preventing burnout among technical professions would seem to require a reduction in the level of stressors because high cognitive and learning requirements are inevitable in many of these jobs.
Finally, che study showed burnout to be a relevant psychological strain variable in the technical field, so its consideration should not be restricted to the psychosocial professions. Our results may have implications for research on burnout in other areas. Since burnout may occur even where there is no contact with clients or with students, the burnout phenomenon may need a broader conceptualization with more attention being paid to working conditions that can be generalized across a broader range of professions.
